Movement of Tritiated
Ordin and Gairon (7) have studied the effect of osmotic substrate on the diffusion rate of tritiated water into root sections of Vicia and Zea. They found that while osmotic stress administered with mannitol had no effect on the equilibration of tritiated water in Zea an enhancement was observed in Vicia roots. Since the above results were obtained with excised roots the objective of this paper was to establish the pattern with which tritiated water equilibrates in root systems in the presence and absence of transpiration from the shoots.
Materials and Methods
Plant Preparation. The plants were grown and treatments carried out in a controlled-environment chamber equipped with a ceiling bank of 14 highintensity, power-groove, fluorescent tubes 2 m long and spaced at intervals of about 13 cm, with nine 100-w incandescent bulbs interspersed to furnish red and yellow spectral wavelengths.
All plants were grown at 200, 3000 ft-c of light, with 12-hour days and 12-hour nights.
The Plant Harvest. The sunflower root systems were handled in the following manner. A group of root systems (with or without attached shoots) was fastened to the edge of a board spanning a tray containing the same solution in which the plants had been growing. While they were being attached, the roots were submerged in the solution with the root-stem transition zone about 2 cm above the water surface. After the plants were attached, the board was lifted and suspended until the roots had ceased to drip. Then the board was lowered onto the edge of a similar tray containing a solution of THO.
Periodically, 1 root system was removed from the holding board, blotted dry with filter paper, and segmented simultaneously into pieces 2 cm long.
Comparison of blot-drying with rinsing of Helianthus roots showed that in roots which had been submerged in THO, rinsing with distilled water allowed back exchange of tissue THO and prevented root tissue water from reaching the specific activity of the external THO solution (fig 1) . Another experiment was conducted to assess the importance of vapor exchange between roots grown in THO and a saturated HHO atmosphere. Figure 2 shows that such exchange can be quite rapid, with a half-time between 0.5 and 5 hours. This suggests that tritium exchange between root tissue and the atmosphere after equilibration with a THO solution and before lyophilization occurs will reduce the concentration of tritium in tissue. To An occasional report (6) tion (C0) with a half-time of 30 seconds and closely approached the external value after about 1.5 hours (fig 3) . The shape of the efflux curves was the same regardless of how long the roots had been in THO before efflux was initiated by transferring the root system to distilled water.
Thirty-day old sunflower plants were used to investigate the effect of transpiration upon equilibrium half-times and the pattern of tritium distribution in the root. Certain plants remained intact, and others were detopped before the root systems are submerged in THO. Some of the intact plants were exposed to light and others were kept in the dark during submergence of the root system in tritiated nutrient solution.
At intervals, root systems were removed, blotted, and cut into 2-cm segments, and each segment was analyzed for THO.
The pattern of THO influx into tissue water of sequential 2-cm segments of these sunflower root systems is shown in figure 4 (detached roots), figure 5 (attached roots, darkness), and figure 6 (attached roots, light). Various parts of a detached root system approached external tritium concentration (C0) at differing rates (fig 4) . The maximum rate of gain of tritium activity over shorter intervals occurred in the middle sections of the root system of sunflower. At first, the tips of the root system and the root segments near the water surface gained radioactivity the most slowly. After about 30 minutes, the apical third of the root systems was gaining activity at the same rate as the middle third. The systems of intact plants were exposed to THO during a light period of 12 hours. -During the first 2 hours the root system approached equality with tritium in the external solution much more slowly when the shoot was transpiring (fig 6) than when the root was detached from the shoot (fig 4) or when the intact plant was in the dark ( fig 5) . Again, the root tips and the root zone near the surface of the solution lagged far behind for the first 2 hours.
Discussion
The pattern for tritium influx from a THO solution into submerged whole sunflower root systems was related to the position of the tissue along the axis of the root system (fig 4, 5, 6 ). The average halftime to equality with the external medium was about 0.5 of a minute for detached roots (fig 4) . However, equilibration was generally slower in both the basal regions and in regions close to the root apex. The slow equilibration of the more basal regions may be attributed either to the larger diameter of roots or to greater suberization in this region, which may alter the diffusion coefficient. The slower equilibration near the root apex cannot be attributed to root size, which was generally smaller than in sections nearer the shoot end of the root. It is possible that the diffusion coefficient of THO may be altered near the root apex in this plant material. From studies on root sections, Ordin and Gairon (7) showed that the diffusion coefficient for THO in Vicia and Zea roots varied between 5 andl 20 % of the value reported by Wang et al. (10) for the free-diffusion coefficient of THO in HHO.
Philip (8) has showni that the hialf-tilmie to e(luilibrium of tissues of the samiie shape but dliffering in volume will vary as the squar-e of their dimensions. Therefore, the half-time for (liffusion into a tissue of a given shape will be 4 times that of another tissue with half these dimensions. The significance of these relationships must await further search for the reasons for our observed departure of THO equilibration rates from those expecte(l on the basis of a cylindrical model for diffusioni into a root. The (lata in figures 4, 5, and 6 seenm to support the hiy-pothesis of Brouwer (2) 
